C or 10 Be are produced by cosmic rays to the Earth. It is known that their concentration in tree rings or in ice cores record the past cosmic ray intensities. A large annual excursion in 14 C content from AD 774 to AD 775 was firstly found in Japanese tree rings. After that this event has been confirmed by several verifications using some other tree samples from all over the world. Also quasi decadal 10 Be concentration data in the Antarctic ice core show rapid increase around AD 775. However, annual 10 Be variations have not been revealed. We measured 10 Be concentrations in the Antarctic Dome Fuji ice core with quasi-annual resolution for the period approximately from AD 763 to AD 794, and found a clear 10 Be increase around AD 775 against a background variations. Since our quasi-annual 10 Be data and Na + ion data which obtained from the same ice core show similar variations, the background variation in 10 Be concentration is considered as a climatic noise. It is possible that the large 10 Be increase is occurred by the AD 775 cosmic ray event. This manuscript is based on our published paper, Miyake et al. [2015] to GRL. 
Cosmogenic

Introduction
Carbon-14 is one of the cosmogenic nuclides which is produced by incoming comic rays to the Earth. After 14 C is produced in the atmosphere, it becomes CO2 and is mixed with other CO2 in the atmosphere uniformly. They also diffuse into the marine and the biosphere through the global carbon cycle. Since a part of they are absorbed in trees, carbon-14 contents in tree rings would record information of a past cosmic ray intensity.
An annual cosmic ray increase event from AD 774 to AD 775, which is firstly found in Japanese cedar trees [Miyake et al. 2012 [Miyake et al. , 2014 , has been confirmed by the several 14 C content measurements of tree samples from Germany ], North America [Jull et al. 2014 ], Russia [Jull et al. 2014] , and New Zealand [Güttler et al. 2015] . They all showed similar increments about 12~14‰ in 14 14 C production rate by galactic cosmic rays. Also similar but a bit small annual 14 C increase (~9‰) was found from AD 993 to AD 994. Although this event has been reported as 14 C measurements using only two Japanese trees, their measurements were completely independent [Miyake et al. 2013 [Miyake et al. , 2014 .
Some possible causes of these cosmic ray events have been proposed, which are a nearby supernova [Miyake et al. 2012 Pavlov et al. [2013] showed that the short gamma ray burst origin produced an insufficient number of 10 Be atoms to detect. Then it is possible that 10 Be data become a key to specify a cause of the cosmic ray events. Berylium-10 is also a cosmogenic nuclide, and is deposited in ice sheets in the polar region. It is well known that 10 Be concentrations in ice cores from Antarctica and Greenland would record past cosmic ray intensity as 14 One of the previous studies of a decadal 10 Be measurement using the Antarctic Dome Fuji ice core showed a sharp peak during the periods correspond to two 14 C events [Horiuchi et al. 2008] . Although these 10 Be sharp peaks are possible to be the two annual cosmic ray events, it is necessary to conduct a quasi-annual 10 Be measurement to identify these annual events. We will report the result of 10 Be concentration measurements using the Dome Fuji ice cores which are the counterparts of those used for the previous quasi-decadal 10 Be measurements by Horiuchi et al. [2008] . We will also compare our 10 Be result with Na + ion data [Motizuki et al.
Be data from Antarctic ice core F. Miyake et al. 3 2015] from the same ice core to discuss a climatic effect on a 10 Be deposition. This manuscript (method, result and discussion) is based on our published paper [Miyake et al. 2015 ].
Methods
Sample and pretreatments
We used Dome Fuji ice cores from central Antarctica (77˚ 19' S, 39˚ 42' E, 3810 m asl), which were stored in a freezer of the National Institute of Polar Research. We chose three ice core sections whose dates correspond to before and after the sharp increase shown in the previous quasi-decadal 10 Be measurements [Horiuchi et al. 2008 ]. The selected cores were cut in intervals of ~3 cm (corresponds approximately to 1 year). The typical average mass of each cut piece is 23 g. Figure 1 shows a flow chart of a chemical pretreatments for our 10 Be measurement. An essence of the pretreatment methods are described in Horiuchi et al. [2007] . Figure 1 : Flow chart of our pretreatment methods. The 9 Be carrier solution and the NH3 aqua are Wako products.
AMS measurement
After we obtained BeO, we prepared measurement-ready samples by mixing BeO with Nb powder (BeO:Nb~1:1.2) and pressing into cathodes. The 10 Be/ 9 Be ratio was measured at a 5MV accelerator mass spectrometer at the University of Tokyo [Matsuzaki et al. 2007 ]. We calibrated the measured results using a standard material KNB5-2 (nominal ratio: 8.56×10 -13 ) [Nishiizumi et al. 2007 ].
Results and Discussions
Periodic variation
Figure 2 (a) shows our measured result. The horizontal line represents a 14 C- 10 Be age which is determined by comparing a quasi-decadal 10 Be series and a decadal 14 C series [Horiuchi et al. 2008] , and the vertical line represents the 10 Be concentration. We found a rapid and large 10 Be increase approximately from AD 778-780 in the 14 C- 10 Be age. Also there are periodic variations throughout this measurement period.
First, we consider about the periodic variation in 10 Be concentration. We performed a Fourier analysis on our 10 Be data, and got three periodic components of 2.8 years, 5.2 years and 8.2 years. Although there are a few previous studies about an annual 10 Be measurement in the Antarctica, Baroni et al. [2011] reported that there is a periodic variation of 3-7 years band in 10 Be concentration in the Antarctic Vostok ice core. They also pointed that the quasi-annual 10 Be data
PoS(ICRC2015)110 PoS(ICRC2015)110
AD 775 event in 10 Be data from Antarctic ice core F. Miyake et al. 4 correlate with sodium ion (Na + ) data which can reflect climatic information [Baroni et al. 2011 ]. We checked Na + ion data [Motizuki et al. 2015 ] from the same ice core we used for 10 Be analysis. Figure 2(b) shows the Na + concentration data. The two series of 10 Be and Na + show a good agreement (R 2 =0.24, p=0.0025), and this consistency is consistent with the result of Baroni et al.
[2011] (R 2 =0.26). From these results, it is possible that quasi-annual 10 Be data in most of Antarctica are reflected by climatic noises of a several years periodicity. 
Estimation of 10 Be increase
Although the periodic variation in 10 Be concentration exists, the increase around AD 780 is larger than the others. This increase is 80% from an average of all data (hereafter, we will call this event as the 10 Be event). However, the Na+ ion data (which indicate the background variation) also increases at the same timing of an increase start point of the 10 Be event. In order to find out how much increase the 10 Be event has against the background variations, we made a histogram of all increments of 10 Be data (max -min value) during the measurement periods. Figure 3 is the histogram of 10 Be increments, and the spread one shows the 10 Be event. According to the Thompson's rejection test, the 10 Be event obeys the probability of 1.2×10 -3 if
we assume a normal distribution. This means the 10 Be event is outlier. On the other hand, an increase of Na + data which corresponds to the 10 Be event obeys the probability of 1.8×10 -1 by the same test. From these results, it is considered that the background variation during the 10 Be event is normal, and the 10 Be event is combined the background variation and the cosmic ray event.
However, it is difficult to estimate an accurate 10 Be increment (or 10 Be production rate) disturbed by the background variation. It will be necessary to conduct more annual 10 Be measurements and find a typical 10 Be background variations to confirm the increment of the 10 Be event with more precisely. 
Cause of the AD 775 event
As we mentioned in the introduction, the existence of the 10 Be increase corresponds to the AD 775 event indicates that the short gamma-ray burst origin is implausible. Miyake et al. [2013] pointed out that the occurrence of the 14 C event (AD 775 and AD 994) is much more frequently than the short gamma-ray burst rate, and the present result support this claim. For these reasons, the extreme SPE origin is a more plausible cause of the AD 775 event.
Conclusions
We measured quasi-annual 10 Be concentration in the Dome Fuji ice cores frorm the central Antarctica. We detected the distinct 10 Be increase from a background baseline during the period when the AD 775 cosmic ray event would be expected. We also found a periodic variation of 2.8-7.8 years during the present 10 Be data aside from the large 10 Be increase. It is considered that this variation is caused by a climatic valiability because of a consistency between 10 Be data and Na + ion data. Although a variation of an annual 10 Be data has yet to be elucidated fully, it is possible that such periodic background variations in 10 Be concentration exist for a long term, and we will need to consider such variation to discuss an existence of annual cosmic ray events.
The present result prefers the extreme SPE origin. In order to discuss an accurate 10 Be increase or 10 Be production rate, it will be necessary to conduct more quasi-annual 10 Be measurements.
Be data from Antarctic ice core F. Miyake et al. 
